Dyes containing a carboxylic acid group had been shown to react with wool and polyamide fibres when activated with ethyl chloroformate (Parts I and II). One of the dyes, 3-aminobenzoic acid --~N,N-dimethylaniline, was, in this work, activated with other chlorofirmates, so as to improve the dyeing conditions. Benzyl chloroformate was found to be a good substitute since it is not as volatile as ethyl chloroformate, which suggests that it will be easier to apply in practical dyeing conditions. The yield of the reaction with cyclohexylamine is similar to the one obtained with ethyl chloroformate, suggesting that the fixation of the dye on wool or polyamide will be much the same. The fastness results are also equivalent.
INTRODUCTION
Reactive dyes containing carboxylic acid groups were first developed by Burlington Industries Inc. in 1978 and they were applied successfully to cellulosic fibres [1] . In previous work we investigated the fixation of carboxylic acid dyes on polyamide and wool fibres and found [2] that the activation of the CO2 H group by ethyl chloroformate gave better fastness results due to the formation of the more reactive mixed anhydride group. The stability of the dyes was however poor and the activation had to be done immediately before the application to the fibres.
In a later work the dyes in the activated form were isolated and applied to wool and polyamide fibres in the same manner as the freshly activated dyes had been [3] . The stability of these dyes was found to be very good and a study on the hydrolysis showed the dependency of the dye on the pH, and the rate of reaction at various pH values was measured [4] . The best pH range of reaction was found to be 6-7, the dyeings needing no further fixation treatment with ammonia to achieve good fixation and fastness results. These results were not however, as good as those obtained with freshly activated dye, and for that reason we resumed the research on the process of activation.
Since one of the problems of the process of application of the dye and its fixation was the product of activation itself, which is extremely reactive and volatile, in this work we tried to improve these conditions by testing other chloroformates of lower boiling point, while maintaining at the same time the yields and washfastness ratings. The yields were assessed in the reaction with model amines and the washfastness was evaluated on wool and polyamide fibres.
RESULTS AND DISCUSSION
To determine the optimum time for the activation to be considered completed, an HPLC study was carried out as described below.
The dye was activated as before and the activation was followed by HPLC (Table 1 ). An aliquot of the solution was diluted with acetonitrile to a fixed volume and then injected into the HPLC column (RT values in Table 1 ). The optimum activation times were 5 min for 2(a) and less than 1 min for 2(I)). A signal could not be observed for the activated form of 2(e) but only for its ester 4(0.
The activation of dye 1 was effected at low temperature with several chloroformates: benzyl, p-nitrophenyl and 2,2,2-trichloroethyl. The mixed anhydrides 2(a)-2(c) were isolated in low yields as solids (a), (b) or an oil (e) and showed the characteristic absorption bands for the carbonyl group at 1786-1790 cm -l (Table 1) . Previously we had also isolated and characterised the mixed anhydride 2(d) resulting from the same model dye and ethyl chloroformate [4] .
When cyclohexylamine was added to the solutions of the mixed anhydrides the amide 3 and the corresponding esters 4 (Table 2) were obtained as byproducts and characterised. It was observed that a better yield for the amide 3 was obtained with p-nitrophenyl (54%) and 2,2,2-trichloroethyl (53%) chloroformates, the last one giving the highest yield for the ester 4(c). These esters were characterised by spectroscopic methods and either elemental analysis or high resolution mass spectrometry (Tables 3, 4 and 5).
To approach the dyeing process of the fibres, the preparation of amide 3 was performed in water where no esters were isolated and better yields of the amide were obtained (Table 2) . 
Dyeing of wool and polyamide
The dyeings of wool and polyamide were performed at 100°C and pH 7 according to our earlier results [4] by using the chloroformates referred, and the coloured samples were submitted to the ISO 105 CO3 test. The washfastness results are shown in Table 6 together with results previously obtained with dye 1.
EXPERIMENTAL

Preparation of the mixed anhydrides 2
Dye 1 was prepared as before [2] . To a cooled solution of the dye (0.2g, 0.74mmol) in DMF (lml), triethylamine (0.31ml, 2.27mmol) and the chloroformate (2.22mmol) were added and the solution was stirred for 30 min. The triethylamine hydrochloride was filtered off and crushed ice was added to the filtrate. A precipitate came out and, after standing for 3 h, it was filtered and dried, and its melting point and IR were determined (Table 1) . Compound 2(c) was isolated as an oil.
Preparation of the amide 3 in DMF solution
The activation was carried out as above and, then, the triethylamine hydrochloride was filtered. Cyclohexylamine (0.085 ml, 0.74 mmol) was added and the mixture kept under stirring at room temperature for 20 h. The solvent was removed under vaccuum and the oil purified by flash chromatography (silica, petroleum ether b.p. 40-60°C/diethylether). Two products were isolated, the amide 3 and the esters 4 corresponding to the chloroformate used. The esters were fully characterised, while amide 3 had already been described previously [2] . 
Preparation of the amide 3 in aqueous medium
The activation was carried out as above until the triethylamine hydrochloride was filtered. Cyclohexylamine (0.085 ml, 0.74mmol) and water (200ml) were added to the filtrate and the mixture was refluxed for 30min. After cooling, the yellow solid was filtered, washed with cold water, dried and characterised by spectroscopic means. This method was followed in three cases, as shown on Table 2 , and the melting points were in agreement with published data [2] except when p-nitrobenzylchloroformate was used (m.p. 156.1-I 57.2°C).
HPLC conditions
The HPLC conditions used are listed in Table 7 .
Dyeing of wool and polyamide
To a cooled solution of the dye (0.06g, 2.2× 10-4mol) in DMF (1 ml), triethylamine (0.092ml, 6.6x10-nmol) and the chloroformate (6.6x 10-4mol) were added and the solution was kept stirred for 30 rain. The triethylamine hydrochloride was filtered off and after adding the water (200 ml) and the fibre (3 g) (the concentration of the dye in the dyebath was 2% relatively to the mass of the fibre; liquor ratio 67:1), the mixture was stirred for 30 min at 100°C. The fibre was removed, washed and boiled for 15 min in water with Levapon TH soap (2glitre -~) and, after drying, submitted to the ISO 105 CO3 test.
CONCLUSIONS
The results suggest that benzyl chloroformate is the best activating agent since it provides the highest fastness on wool and polyamide fibres. It does not however form the dye with the best yield in reaction with the amine group of cyclohexylamine, which suggests that it would not have the highest yield on wool and polyamide fibres. This analysis however depends on other factors that need to be tested in real dyeing conditions.
The results obtained with the new chloroformates are near to the ones previously obtained with ethyl chloroformate, which means that changing to these alternative activating agents does not alter the dyeing and the results fastness significantly.
